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SECTION A 


QUESTIONS 1-10 - MULTIPLE CHOICE: 30 MARKS 


For each of the following 10 questions, write in the answer book provided the single letter that 


corresponds to the most correct answer. Please use CAPITAL letters. Each question is worth 3 marks. 


1. White coat color is dominant to black coat color in horses and controlled by a single gene. If pure 
breeding white horses are crossed to pure breeding black horses and subsequently intercrossed, what 
proportion of the white F2 horses are expected to be heterozygous for the white and black alleles? 

A. All white horses in the F2 generation will be heterozygous 

B. 1/2 of all white horses in the F2 generation will be heterozygous 

C. 1/3 of all white horses in the F2 generation will be heterozygous 


D. 2/3 of all white horses in the Fp generation will be heterozygous 


2. The ranking of individuals based on phenotype versus estimated breeding values (EBVs) may differ 
due to 
A. phenotypes being affected by random environmental effects whereas EBVs are not 
B. EBVs are corrected for systematic environmental effects 
C. EBVs are usually also based on information from relatives 
D. both B and C 
E. all of A, B, and C 


3. In wheat breeding, plants within a line are: 
A. Highly variable, with large differences between each plant 
B. Not variable, and highly inbred, with small differences between each plant 
C. Suited to different environments 
D. Unrelated 


4. In terms of inbreeding; which of the following is TRUE? 
A. mutation rates do not change as a result of inbreeding 
B. with inbreeding there is less inbreeding depression 
C. the frequency of homozygous genotypes is lower in inbred lines 


D. the frequency of recessive alleles is higher in inbred lines 


5. The types of traits that benefit the least from marker assisted selection (MAS) or genomic selection 
(GS) are those which: 
A. are easily measurable prior to selection 
B. are measured on one sex only 
C. are difficult or expensive to measure 


D. are measured late in life 
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6. Phenotypic information from an animal is most useful when: 
A. The heritability is high 
B. The heritability is low 
C. There is a lot of information known on each individual 
D. One aims to avoid inbreeding 
E. The environmental correlations among full sibs is high 


7. The trait “Yearling Weight’ in Angus cattle is normally distributed with a mean of 300 Kg and a 
variance of 49 Kg’. What is the most likely range of trait values (excluding the outliers within 
the extreme 1% of the distribution)? 

A. 127.55 Kg to 472.55 Kg 
B. 251.00 Kg to 349.00 Kg 
C. 279.00 Kg to 321.00 Kg 
D. 290.00 Kg to 310.00 Kg 


8. In estimating breeding values for a trait with a low heritability 
A. Information from many siblings can be just as valuable as information from many progeny 
B. Having an own performance record will lead to the highest possible accuracy 
C. Having information on many progeny will lead to the highest possible accuracy 
D. 


It is impossible to obtain a very high accuracy 


9. Two animals A and B are of the same age and have the same weight at weaning but they have 
different EBVs for growth: Animal A’s EBV is higher. This can be explained by the fact that 
possibly 
A. Animal A was born as a single whereas animal B was born as a twin 
B. Animal A has a mother with a better maternal effect 
C. Animal B has a father with a very high EBV 


D. Animal B was born as a single whereas animal A was born as a twin 


10. Suppose we want to select on a multiple trait index, like Index = b;P; + b2P2, where b are index 
weights and P are individual performances for the two traits. The traits have a positive 
correlation, both genetic and phenotypic. Suppose our objective is to only increase the mean 
value for the first trait. The second trait has no economic value. What is the most likely way the 
index is optimally constructed? 

A. by is positive and b> is negative 

B. b; is equal to the economic value and b2 = 0 
C. bj is positive and bp is also positive 

D. b; = 1 and b) = 0 
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SECTION B 


QUESTION 11 [20 marks; 3 marks for each of A-D, 8 marks for E] 


Consider a Herd with 1000 cows. Both male and female animals have their first progeny at 3 years of 
age. Bulls are kept for 4 mating rounds and cows are kept for 8 mating rounds. There is one mating 
round per year. The mating ratio is 1 bull to 50 cows and animals are kept in equal numbers across the 
years. Assume no mortality in adults, a weaning rate of 0.90. The breeder selects for Weaning Weight 
(wants to increase the trait), which has a heritability of 0.45 and a phenotypic standard deviation of 26 


kg. The population mean is 280.0Kg. 


A selection intensity table has been included at the end of this paper. Note: round proportions to 


the nearest available value in the table. 


Calculate: 
A. Response per generation 
B. Response per year 
C. Effective population size 
D. The rate of inbreeding over 20 years 


Now the breeder decides to change their breeding strategy. (S)he thinks it might be a better idea to 


split males across two mating rounds, i.e. keep them in the program for two years instead of four. 


E. Will this strategy give a higher rate of genetic response per year? 


QUESTION 12 [10 marks] 


A breeder has tested 237 of her young male calves with a DNA test that measures if an animal has 
horns or not. The test results indicate if the calf will be polled (no horns) “BB” or with horns “AA” or 
“AB”. 

The genotype test results were: 99 AA, 86 AB and 52 BB. 


Question 12 continues on page 5 
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Question 12 continued 

A. What is the current allele frequency of the favorable (polled) allele and what is its mode of 
inheritance? 

B. What is the frequency of the other allele? 

C. If she mates her females with "BB" males only, how many offspring of each phenotype 
would she expect from the test results of 1000 animals from her next generation, given 
that the allelic frequencies in males and females are the same? 

D. The test only correctly predicts polled in 85% of the cases. Discuss. 


QUESTION 13 [10 marks - 2.5 marks for each of A-D] 


Suppose we are interested in the genetic change of two traits: Weight and Feed intake. The relative 
economic values of the traits are 2 for Weight and -0.5 for Feed intake. Assume both traits have the 
same heritability (0.3) and the same phenotypic standard deviation (2 units). The genetic correlation is 


0.40 and the phenotypic correlation 0.30. 


A breeding consultant works out a selection index based on own performance and finds that the 
predicted response to selection in one generation is 1.05 Kg for Weight and 0.25 Kg for Feed intake. 
(The index weights that the consultant uses are 0.40 for Weight and -0.057 for Feed Intake). 
A. Why is there a difference between the index weights and predicted response? 
B. If an animal has an above average feed intake, explain how this may impact the 
animal’s index value? 
C. Explain why the response for feed intake is positive. 
D. Explain how an index could be designed such that there was no response for feed 
intake. 
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SECTION C 


Answer three (3) of the following questions in the answer book provided. 


QUESTION 14 [10 marks] 


Briefly explain why it takes about 10 years to produce a new wheat variety by the pedigree breeding 


system. Discuss how this time period can be shortened? 


QUESTION 15 [10 marks] 


Discuss Genomic Selection and its pros and cons for animal breeding. 


QUESTION 16 [10 marks] 


Define Breeding Objectives and discuss their importance in successful breeding programs. 


QUESTION 17 [10 marks] 


Define crossbreeding and discuss its advantages and disadvantages. 


Some useful formulas 


Inbreeding in pedigrees F, = 2 [(1/2)" (1+F,)] 
ANN, 
N, = —— 
Effective Population size NEN 
1 
Rate of inbreeding AF = — 
2N, 

: ile 
Inbreeding across generations Fe=1- (1 = —) 
Correlated Response CR, =i,r,hho,, 

Direct Response R, =i,ho,, 


Please remember - This examination question paper MUST BE HANDED IN. Failure to do so may 
result in the cancellation of all marks for this examination. 
Writing your name and number on the front will help us confirm that your paper has been returned. 
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Appendix 1 Selection Intensity Table 
(for Question B11) 
Based on a standard normal distribution, giving the truncation point 
and the average value of the selected group for a certain selected percentage 


% truncation selection % truncation selection % truncation selection 
selected point (x) intensity (1) selected point (x) intensity (1) selected point (x) intensity (1) 
0.01 3.719 3.959 1.0 2.326 2.665 20 0.842 1.400 
0.02 3.540 3.789 1.2 2.257 2.603 21 0.806 1.372 
0.03 3.432 3.687 1.4 2.197 2.549 22 0.772 1.346 
0.04 3.353 3.613 1.6 2.144 2.502 23 0.739 1.320 
0.05 3.291 3.554 1.8 2.097 2.459 24 0.706 1.295 
0.06 3.239 3.506 2.0 2.054 2.421 25 0.675 1.271 
0.07 3.195 3.465 2.2 2.014 2.386 26 0.643 1.248 
0.08 3.156 3.428 2.4 1.977 2.353 27 0.613 1.225 
0.09 3.121 3.396 2.6 1.943 2.323 28 0.583 1.202 
0.10 3.090 3.367 2.8 1.911 2.295 29 0.553 1.180 
3.0 1.881 2.268 30 0.524 1.159 
0.12 3.036 3.316 3.2 1.852 2.243 31 0.496 1.138 
0.14 2.989 3.273 3.4 1.825 2.219 32 0.468 1.118 
0.16 2.948 3.235 3.6 1.799 2.197 33 0.440 1.097 
0.18 2.911 3.201 3.8 1.774 2.175 34 0.413 1.078 
0.20 2.878 3.170 4.0 1.751 2.154 35 0.385 1.058 
0.22 2.848 3.142 4.2 1.728 2.135 36 0.359 1.039 
0.24 2.820 3.117 44 1.706 2.116 37 0.332 1.021 
0.26 2.794 3.093 4.6 1.685 2.097 38 0.306 1.002 
0.28 2.770 3.071 4.8 1.665 2.080 39 0.279 0.984 
0.30 2.748 3.050 5.0 1.645 2.063 40 0.253 0.966 
0.32 20127 3.030 41 0.228 0.948 
0.34 2.707 3.012 5.0 1.645 2.063 42 0.202 0.931 
0.36 2.687 2.994 3) 1.598 2.023 43 0.176 0.914 
0.38 2.669 2.978 6.0 1.555 1.985 44 0.151 0.896 
0.40 2.652 2.962 6.5 1.514 1.951 45 0.126 0.880 
0.42 2.636 2.947 7.0 1.476 1.918 46 0.100 0.863 
0.44 2.620 2.932 75 1.440 1.887 47 0.075 0.846 
0.46 2.605 2.918 8.0 1.405 1.858 48 0.050 0.830 
0.48 2.590 2.905 8.5 1.372 1.831 49 0.025 0.814 
0.50 2.576 2.892 9.0 1.341 1.804 50 0.000 0.798 
9.5 1.311 1.779 
0.50 2.576 2.892 10.0 1.282 1.755 55 -0.126 0.720 
0.55 2.543 2.862 60 -0.253 0.644 
0.60 2.512 2.834 11 1.227 1.709 65 -0.385 0.570 
0.65 2.484 2.808 12 1.175 1.667 70 -0.524 0.497 
0.70 2.457 2.784 13 1.126 1.627 75 -0.675 0.424 
0.75 2.432 2.761 14 1.080 1.590 80 -0.842 0.350 
0.80 2.409 2.740 15 1.036 1.554 90 -1.282 0.195 
0.85 2.387 2.720 16 0.995 1.521 
0.90 2.366 2.701 17 0.954 1.489 
0.95 2.346 2.683 18 0.915 1.458 
1.00 2.326 2.665 19 0.878 1.428 


Please remember - This examination question paper MUST BE HANDED IN. Failure to do so may 
result in the cancellation of all marks for this examination. 
Writing your name and number on the front will help us confirm that your paper has been returned. 


